excluding chronic lymphatic, the trend was signifi-individuals through different employments.' Protection Board, Chilton, cant (p=0-03; all tests one tailed). The central
The first analysis of the registry covers over 95000 Didcot OXII ORQ estimates of lifetime risk derived from these data radiation workers whose collective dose from external were 10-0% per Sv (90% confidence interval <0 to radiation is about 3200 man Sv. The essentials of the GM Kendall,PHD, principal 24%) for all cancers and 0-76% per Sv (0-07 to 24%) for study are described in this paper; more details can be scientific officer leukaemia (excluding chronic lymphatic leukaemia). found in a separate report.2 C R Muirhead, PHD, These are, respectively, 2-5 times and 1-9 times the principal scientific officer A J Conquest,iBSC, higher trend with dose for all cancers, from which the risk practical considerations have limited the first analysis scientific officer estimate was derived, was not significant. The posi-to certain groups. Radiation workers were divided into A A Goodill, BSC, higher tive association between leukaemia (except chronic four categories: (a) those in radiation work when the scientific officer lymphatic leukaemia) was significant and robust in registry was set up; (b) those in employment at the B K Butland, MSC, higher subsidiary analyses. This study showed no associa-inception of the study but no longer doing radiation scientific officer tion between radiation exposure and prostatic work; (c) those who had left employment before the T P Fell, MSC, senior scientific cancer.
inception of the study; and (d) those starting radiation officer Conclusion -There is evidence for an association work after the inception of the study. D A Jackson, BSC, scientific between radiation exposure and mortality from It was recognised that it would be easier to ensure officer M A Webb, MSC, scientific cancer, in particular leukaemia (excluding chronic that data were complete and accurate for those still in officer lymphatic leukaemia) and multiple myeloma, al-radiation work, and at the request of the participating R G E Haylock,MSC, higher though mortality from these diseases in the study organisations those in categories (a) and (d) were scientific officer population overall was below that in the general generally the first to be enrolled. The follow up date for most workers for this first analysis of the National Registry for Radiation Workers is 31 December 1988 . A combined analysis of the first three groups already studied, based on a longer period of follow up, is to be published shortly. This extension of the data on these groups will be included in a subsequent analysis of the registry. In the present analysis workers in category (c) were not followed up beyond the dates for the studies already published.
Radiation workers are given the opportunity to refuse to participate in the registry. However, less than 1-5% chose to do so, and anonymised statistical data2 suggested that those who refused to participate were generally similar to participants.
Data collected from the employers consisted of individual identifiers, information on factors such as date of birth and sex that affect the expected pattern of mortality, and radiation dose histories. social classes I and 111"'-were used in an analysis of non-industrial and industrial workers respectively (this is a division, widely used in the nuclear industry, that separates social classes I, II, III non-manual from III manual, IV, V; for the armed forces the division chosen was officers v other ranks). To allow for the latency of any radiation effect, as well as the healthy worker effect, "lagged" analyses were also performed, in which deaths in the first two years after the start of radiation work were excluded for leukaemia and the first 10 years were excluded for other causes. The external analysis was based on the underlying cause of death recorded on the death certificate to facilitate comparison with national mortality rates.
In the internal analysis tests for trend in mortality with recorded dose from external radiation were made by using the program ARFAR,"14 with stratification by age (in five year groups up to 85 years), calendar period (1955-, 1960-, up to 1980-, 1985-8) 86 (p<0001) and that for leukaemia excluding chronic lymphatic leukaemia was 93. As in the unlagged analysis, the ratio for thyroid cancer was significantly higher in the lagged analysis (303, p<O-Ol). Table IV shows that the standardised mortality ratio for all causes was low in the first few years after starting radiation work and then rose towards a plateau after 15-20 years. For all malignant neoplasms the ratio was 70 or just below 70 in the first five years but was fairly constant thereafter.
Based on mortality in the population of England and Wales, the all cause standardised mortality ratio among industrial workers was significantly greater than that for non-industrial workers (93 v 63; X2=201, p<0-001) (table V). The ratios based on death rates specific to social class were, however, similar for industrial and non-industrial workers. These calculations were approximate because of the choice of reference population, but they served to indicate that the difference in standardised mortality ratios between industrial and non-industrial groups is a reflection of national differences rather than a special feature of this population. Standardised mortality ratios for men and women did not differ significantly (83 v 76, x2= 1 3, p>0 1) (table VI). [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Out of 25 distinct specific cancer types, the estimate of trend was positive in 12 and negative in 13. For all leukaemias the trend with dose was positive and reached significance when chronic lymphatic leukaemia was excluded (p=003, one tailed test), in which case the estimated excess relative risk was 4 3/Sv (0 40 to 13 6). The increasing trend for multiple myeloma was almost significant (p=0-06; excess relative risk=6-9/Sv (-0 03 to 46)). One other disease grouping, ill defined and secondary tumours, had a significant (p<005) increasing trend with dose.
Several subsidiary analyses were performed. These investigated the effects of, for example, removing corrections made to the dose histories, altering the entry date for certain subgroups, excluding workers monitored for internal emitters, or excluding contributory causes of death from the internal analysis.' These subsidiary analyses did not suggest that the results of the main analysis were in any way atypical and, although they should not be over interpreted, the BMJ VOLUME 304
25 JANUARY 1992 association between death due to leukaemia and radia-and radiation, in contrast to suggestions from other tion was usually stronger than in the main analysis; for studies,46 despite the fact that the National Registry for all cancers the results were variable. Radiation Workers includes the data on which the other studies were based. One of the objectives of studies of radiation workers Discussion is to obtain direct estimates of risks from exposures to This analysis of the National Registry for Radiation low doses of radiation at low dose rates, for comparison Workers is the first in a series. For practical reasons it with the risk factors derived by the International does not include all cohorts of radiation workers for Commission on Radiological Protection mainly from whom dose records are held in the registry, all the most high dose and high dose rate exposures of the Japanese recent data from three major cohorts, nor estimates of atomic bomb survivors, with application of a dose and doses from internal emitters. Nevertheless, important dose rate effectiveness factor of 2.18 With excess results have been obtained from both external and relative risks derived from internal analysis of the internal analyses in the present study. There is strong registry the central estimate of the total risk of evidence of a healthy worker effect. Mortality is lower radiation induced cancer for a British worker popuin radiation workers than in the general population of lation is 10 0%/Sv, and that for leukaemia (excluding England and Wales-overall and for most specific chronic lymphatic leukaemia) is 0 76%/Sv. These causes, including cancers. There are fewer deaths from are, respectively, 2 5 times and 1-9 times the current lung cancer and other cancers related to smoking and values recommended by the commission for a notional from other diseases related to smoking. Four cancer (world) worker population (4%/Sv for all malignancies groups had significantly low standardised mortality and 0-4%/Sv for leukaemias). Several points must be ratios, including the grouping of cancers of trachea, taken into account in interpreting these observations. bronchus, lung and pleura.
Firstly, the greater dose range and longer follow up of For only one cancer was the standardised mortality the Japanese atomic bomb survivors give that study ratio significantly raised-thyroid cancer. As about 30 greater statistical power than the National Registry for specific cancer groupings were considered it is possible Radiation Workers. The 90% confidence intervals that one or two positive (and negative) associations from the registry are wider than those of the comwould arise by chance. This may well be the case with parable risk estimates from the International Commisthyroid cancer as there was no detectable trend with sion on Radiological Protection based on the Japanese external recorded dose and no evidence of common data (table VIII) . Furthermore, the commission's risk occupational exposure at any particular site; also, none estimates fall well within the 90% confidence bounds of the four thyroid neoplasms for which the results of from the registry. Secondly, in a combined analysis of histopathology were available was of the follicular type data on about 36 000 radiation workers with a collective associated with radiation.
dose of 1140 man Sv in the United States, the central Greatest prior interest lay in leukaemia and myelo-estimate of the trend in risk with dose was negative matosis, which were associated with the highest rela-both fori all malignant neoplasms and for leukaemia tive risks in the data on Japanese survivors'6 and have (excluding chronic lymphatic leukaemia) (table VIII).'9 been shown to have a high incidence in other studies of For all malignant neoplasms, the upper limit of the groups exposed to high radiation doses."7 Although 90% confidence interval in the American study was the standardised mortality ratios for these disease close to the central estimate from the National Registry groupings were below 100, there was some evidence for Radiation Workers and similar to the central for an increase in mortality with radiation dose, estimate from the Japanese atomic bomb survivors,'6 and the association was significant for leukaemia corresponding to a lifetime risk of about 8 2%/Sv. For (except chronic lymphatic leukaemia). There was no leukaemia, the upper limit of the 90% confidence evidence for an association between prostatic cancer interval in the American study was less than the central BMJ VOLUME 304 25 JANUARY 1992 
